Extracts from preparations of partially purified Anaplasma marginale revealed low levels of lactate dehydrogenase (LDH). Enzyme inhibition by immune sera further indicated that A. marginale possesses a protein moiety the same as that of the normal red blood cell (RBC), although data suggested an alteration of LDH1 from that observed in normal RBC. Bimodal isozyme distribution was detected after electrophoresis of the extracts. One isozyme approached the cathode and the other the anode, and both appeared to be nicotinamide adenine dinucleotidedependent. Heterogeneity of parasite and host cell isozymes was established on the basis of zone electrophoresis on cellulose acetate strips.
The metabolism of the intracellular parasite, Anaplaslna marginale, has received little attention except for the limited investigations which have been reported dealing with a number of enzymes in association with Anaplasma-infected red blood cells (RBC; 8) and free Anaplasma bodies (AB; 14) . Justification for further studies concerning enzymatic activities which manifest themselves in this host-parasite relationship is warranted. For such an investigation, analyses were conducted to detect lactate dehydrogenase (LDH) activity and to study isozyme patterns from extracts of partially purified preparations of A. marginale.
MATERIALS AND METHODS
Preparation ofinfected blood. Splenectomized calves were inoculated intravenously with 50 ml of Anaplasma-infected whole blood collected in heparin. Approximately 50% of the RBC population in the inoculum contained AB. Infected calves were exsanguinated from the jugular vein in heparin when approximately 60 to 80% of the RBC became parasitized. Routine hematological examinations for anaplasmosis have been described (3) .
Purification of Anaplasma bodies for LDH assay. Red blood cells were collected from heparinized infected blood and washed three times in 0.85% NaCl solution by centrifugation at 1,060 X g for 30 buffered saline (pH 7.0) and were subjected to ultrasonic vibration for 75 sec with a 20-kc Branson oscillator; the sonic extract was centrifuged as before. Approximately 0.25 volume of the supernatant fluid from the upper section was removed and centrifuged at 27,000 X g for 30 min at 4 C. Sediments were recovered and washed with phosphate-buffered saline at 27,000 X g for 30 min at 4 C until the supernatant fluids became clear. The packed AB pellets were suspended in an equal volume of phosphate-pyruvate buffer, pH 7.5 (1), and were sonically treated for 15 sec at 4 C. The final sonic extract was centrifuged at 12,100 X g for 20 min at 4 C and the clear supernatant fluid was collected for LDH analyses.
Method of LDH assay. The spectrophotometric method of Wroblewski and La Due was employed to measure LDH activity at 340 m, (1) . A Wroblewski-La Due unit, or LDH unit, is defined as that amount of LDH which changes the optical density (OD) of reduced nicotinamide adenine dinucleotide (NADH2) at 340 m,u by 0.001 OD unit in 1 min in a 3-ml assay mixture at 24 to 27 C. The LDH isozymes were separated by electrophoresis on cellulose acetate strips (Sepraphore III, Gelman Instrument Co., Ann Arbor, Mich.). Isozyme patterns and LDH activity were also estimated for a portion of the analogous serum and RBC from infected and normal calves.
Inhibition of activity. During this investigation, the LDH activity of AB as measured with the spectrophotometer was found to be relatively low. Nevertheless, LDH could be detected on cellulose acetate strips after electrophoresis.
In additional studies to support this observation, the possibility of artifacts was eliminated, coenzyme dependency was demonstrated, and enzymatic activity was inhibited with immune sera. Shaw and Koen (10) reported the histochemical demonstration of dehydrogenase activity by use of tetrazolium in the absence of added substrate. To 806 eliminate their "nothing dehydrogenase," and to show that the resulting bands were due to LDH activity, the staining solution lacked the added substrate, L(+) lactic acid sodium. In the same manner, the LDH coenzyme dependency in AB samples was tested. Staining solutions either contained nicotinamide adenine dinucleotide (NAD) or flavin adenine dinucleotide (FAD) coenzymes, or were deficient in NAD.
By preparing rabbit antisera (RAS) against normal bovine RBC and Anaplasma-infected bovine RBC, Wallace and Dimopoullos (14) were able to associate catalase activity with marginal bodies. By use of the same technique, RAS were directed against normal bovine RBC (NRBC) and infected bovine RBC (IRBC), as well as partially purified AB in order to quantitate the LDH activity with respect to the per cent decrease in activity.
Rabbit antisera, RAS-NRBC, RAS-IRBC, and RAS-AB, were incubated at 56 C for 30 min to inactivate complement. Both NRBC and IRBC were washed three times in 0.85% NaCl solution, and a 1: 2 suspension of the sonically treated AR was prepared as previously described. Equal volumes of the individual antisera were mixed with 0.1 ml of NRBC, 0.1 ml of IRBC, andO.1 ml of AB, incubated for 1 hr at 23 C in 1.0-mi centrifuge tubes, and centrifuged at 1,610 X g for 10 min. The packed cells and AB were washed three times in Michaelis buffer (pH 7.42), and 0.2 ml of phosphate-pyruvate buffer (pH 7.5) was added (1). This was followed by freezing and thawing three times, as described by Sherman (11) , and centrifugation at 1,610 X g for 15 min. Lysates were prepared to determine total LDH activity and were subjected to electrophoresis for isozyme separation and identification. Corresponding control samples of NRBC, IRBC, and partially purified AR were also assayed.
RESULTS
Studies were undertaken to detect LDH activity in the intracellular parasite, A. marginale. Lactate dehydrogenase activity from the clear supernatant fluid prepared from sonically treated AB averaged 120 units/ml. Electrophoretic patterns disclosed very distinct cathodal and anodal bands, with two faint bands occurring between these two major fractions. Representative electrophoretic distributions of the LDH isozymes from sera, RBC lysates, and partially purified AB are illustrated ( Fig. 1 ).
Electrophoresis of serum resulted in the separation of five LDH isozymes from the point of origin (t), as described by Wroblewski and La Due (15) . Lysates of normal RBC clearly showed the two major fractions, LDH1 and LDH2, whereas isozymes three and four appeared in the lysates of Anaplasma-infected RBC. These two isozymes, in addition to LDH1 and LDH2, are associated with erythropoiesis and, thus, newer and more actively metabolizing RBC rather than the AB (9a, 12a). Four bands were observed from extracts of the partially purified AB. However, the two fainter bands occurring in the middle of the pattern were believed to be contaminating LDH1 and LDH2 from RBC. This was decided when these two bands continually migrated to the same positions as RBC LDH, and LDH2. Fraction x from the AB always migrated just ahead of LDH, of the RBC lysate; the most striking dif-DARREI, WALLACE, AND DIMOPOULLOS ference was the appearance of a cathodal band (y)-Consideration was given to the fact that the two distinctive bands from the AB might be artifacts. Extracts from the prepared AB were subjected to electrophoresis and followed by placing of the cellulose strips in staining solutions either lacking substrate or NAD or containing NAD or FAD. Positive visualization of the two oppositely migrating isozymes was observed for the NAD solution only. The same bands did not appear when exposed to the other reagents; thus, the collected evidence indicated NAD-dependent isozymes.
An immunological system was employed to determine whether the enzymatic activity being measured was due to LDH and also to lend support to LDH being associated with the AB. A scheme was utilized to quantitate the per cent decrease in total LDH activity as well as inactivity of the individual isozymes. Rabbit antiserum prepared against NRBC (Table 1) reduced LDH activity in NRBC by 4,000 units, whereas a reduction of 3,200 units of activity from NRBC occurred with RAS-IRBC. Incubation of NRBC with RAS-AB removed only 2,600 units of activity from the NRBC. These data indicated either the presence of contaminating RBC stromatal material or the similarity of a protein moiety of the LDH of AB to that of the NRBC. Anti-NRBC rabbit serum decreased LDH activity by 5,200 units in combination with IRBC, whereas 6,800 units of activity were removed from the IRBC when it was reacted with RAS-IRBC. Mixing of RAS-AB with IRBC resulted in a decrease of 8,400 units. Partially purified AB incubated with RAS-NRBC showed a reduction of 120 units, whereas RAS-IRBC and RAS-AB inhibited 160 units of activity when reacted with partially purified AB. These observations suggested the presence of a protein moiety, which the RAS-NRBC could not recognize.
Analysis of the LDH isozymes (Table 2) suggested that an alteration of LDHI in NRBC had occurred. When RAS-AB was mixed with NRBC, only 9.1 % of the LDH1 activity from the NRBC was decreased, whereas 43.2 and 58.7% inhibition resulted with NRBC plus RAS-NRBC and RAS-IRBC, respectively. Anti-NRBC rabbit serum also reduced the LDH1 activity from IRBC by 12.3 %. Isozymes 2, 3, and 4 which were found in NRBC indicated the existence of a common protein moiety between the marginal body and the NRBC. The detection of isozymes three and four in NRBC represented the presence of a younger RBC population as previously mentioned. Elevated levels of LDH3 and LDH4 isozymes from the IRBC assay would further support the presence of younger cells during anaplasmosis. Both RAS-IRBC and RAS-AB effectively decreased the LDH activity from IRBC. For unknown reasons, the RAS-IRBC seemed to give a stronger inhibition against the various LDH isozymes than did the RAS-AB. Rabbit antisera prepared against NRBC, IRBC, and AB appeared to inhibit completely the small amount of LDH activity present in the AB. However, a faint band was noted for the AB y or cathodal fraction in the presence of RAS-NRBC. Thus, two possibilities existed; either A. 
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Normal marginale was synthesizing its own LDH or it had to alter the RBC LDH for survival in the host.
DISCUSSION
Results from investigations on the heterogeneity of enzymes between host-parasite complexes have been reported. Henion et al. (5) observed that the LDH from Schistosoma mansoni differed immunologically from rabbit muscle LDH, but that S. mansoni immune sera cross-reacted with other Schistosoma species. Sherman (11, 12) studied the heterogeneity of LDH in Plasmodium lophurae and other intraerythrocytic protozoa, such as P. berghei and Babesia rodhaini. This investigator concluded that the malarial parasites were characterized by a cathodal-migrating LDH isozyme, whereas the molecular form of LDH was qualitatively distinct from others found in intraerythrocytic parasites. Rickettsiae exhibited a metabolic peculiarity in that an Embden-Meyerhoff pathway was lacking (7) . Dehydrogenases were reported to be absent in A. marginale when smears of infected blood were specifically stained and observed microscopically (8) .
The present study establishes that, in extracts of partially purified AB, low levels of LDH activity can be detected. By means of electrophoresis and histochemical staining, two LDH isozymes possessing a bimodal distribution were identified and were found to be NAD-dependent.
Since the enzymatic activity demonstrated was of a low order, it must be considered that the methods of isolation and preparation of the AB extracts may not have been entirely suitable for these LDH studies. Zondag (16) has presented evidence indicating the influence of low temperatures in decreasing the stability of LDH. The NAD molecules attached to the A subunits were found to be removed more easily than those attached to the B subunits. Therefore, the loss of NAD would leave the active sulfhydryl groups unprotected against inactivation.
The 7th edition of Bergey's Manual of Determinative Bacteriology places A. marginale in the order Rickettsiales, whereas others have classified this parasite as a protozoan (2, 6, 13) and as a virus (4) . With the aid of electron micrographs, Ristic (9) observed that A. marginale reproduces by binary fission. It has been established that asexual reproduction occurs in the intermediate host rather than the definitive host. Perhaps the forms of A. marginale, as seen in the bovine RBC, can be attributed to an intermediate stage and not the mature organism. Thus, characterization of the separated A. marginale LDH isozymes is warranted to further demonstrate heterogeneity between parasite and host-cell enzyme, and to determine whether the parasite is capable of enzymatic synthesis or relies solely upon its host. Furthermore, extension of enzymatic studies and characterization might prove to be of extreme value, especially in the role of taxonomical differentiation. 
